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Introduction:
Fetal alcohol syndrome is a preventable, yet common condition caused by
maternal alcohol consumption during pregnancy. There are four specific biochemical
markers in the bloodstream that can help to gauge how much alcohol a mother has
consumed during pregnancy. Mothers who consumed at least 29.6mL of alcohol per day,
would show at least one marker and mothers who showed two or more markers gave
birth to infants that were physically shorter, lighter in weight and had smaller head
circumferences than children who were not prenatally exposed to alcohol (“Fetal Alcohol
Syndrome”, 2002).
The SHH gene, also know as Sonic Hedgehog, is a chemical signal that plays a
vital role in embryonic development. Sonic Hedgehog promotes cell growth,
specialization, and development of parts of the body such as the brain, spinal cord, eyes
and limbs. Specifically though, it plays a vital role in the development of the brain and
spinal cord (“SHH”, 2015). Prenatal exposure to alcohol can severely decrease the
amount of sonic hedgehog transcription factors in cell populations (O’Neil, 2010). Due
to the fact that sonic hedgehog plays such a vital role in spinal cord development, we
predicted that chick embryos exposed to alcohol during development would have shorter
body lengths than embryos that were not exposed to alcohol. The spinal cord of embryos
exposed to alcohol would not be able to develop as efficiently because of the decreased
amount of sonic hedgehog transcription factors. Therefore, in this study, we examined the
effects of embryonic exposure to alcohol on chick embryos to test the hypothesis that
embryos exposed to alcohol will, on average, develop a shorter body length than chick
embryos not exposed to alcohol.

Materials and Methods:
Ten-day chick embryos (Gallus gallus) were explanted from their shells as per the
method of Morris (2015) and Armstrong, et al., (1994) except that a sterile
weigh boat was used instead of a sterile hammock described by Armstrong.
Ethyl alcohol was administered to each embryo to achieve a final concentration
on-the-cells of 0.0 % (for control), or 0.002% (for low ethanol dose), or 0.02%
(for high ethanol dose). Penicillin/streptomycin was also added to each embryo
to achieve a final concentration on-the-cells of 100 U mg/ml.
Measurements of the pulse, area vasculosa diameter, body length, wing bud, and
leg bud length and allantois width were measured each day, using a microscope, for eight
days, starting on the day of explanation. The pulse was measured in beats per minute,

while the other measurements were measured with ocular units on the microscope. The
ocular units were later converted to millimeters. All images were taken with an iPhone

Results:

Figure 1: Image of a chick embryo at day nine, exposed to the high concentration of
alcohol. The body length is 20mm.
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Figure 2: Graph depicting the relationship between final alcohol concentration on chick
embryos and their body length, over the course of eight days.
In figure 2, the control group, in blue, had a final concentration of alcohol on the
embryo of 0%. The low group, in red, had a final concentration of alcohol on the embryo
of .002%. Lastly, the high group, in green, had a final concentration of alcohol on the
embryo of .02%. The embryos were explanted on day three of development, therefore
the experiment and graph started on day three. The control group and the high group were
the only two groups to survive the entire experiment.
The low concentration group started off with only three embryos, none of which
survived past day four. The control group started off with thirteen embryos, six of which
survived the entire experiment. The high group started off with thirteen embryos, nine of
which survived the entire experiment. All three groups started with very similar body
lengths for each embryo. By day four, the control group had the shortest body length
average, the low group had slightly longer body lengths and the high group had the
longest body length average. After day four, all low concentration embryos had deceased.
By day six, the control group and high group had the same body length measurements.
From day six until the end of the experiment, the control group had, on average, the
longest body length compared to the high group with a slightly shorter body length
average. On day ten, the body length average of the control group was 2.47mm longer
than that of the high group.

Discussion:
Our hypothesis was supported by the data. Figure 2 shows that from day six until
the end of the experiment, the control group, on average, had a longer body length than
the high group. This could be due to the fact that the amount of alcohol the high group

embryos were exposed to reduced the amount of sonic hedgehog transcription factors in
their cells. Therefore each embryos spinal cord could not develop as efficiently as the
control group, making the high group’s body length 2.47mm shorter than the control
group on day ten.
The data also show that the alcohol had more of an effect later on in the
experiment. From day three to day six, the high concentration group had the longest body
length average compared to the other two groups. Even though the high group continued
to steadily grow as the days progressed, the control group grew at a much more efficient
rate. This might be due to the fact that the high group embryos were constantly exposed
to .02% alcohol.
At the beginning of the experiment, there were thirteen embryos in the high
group, and by day ten, only nine were still alive. On the other hand, none of the three low
dose embryos survived past day four. This shows that even the smallest amount of
alcohol can have a severe effect. This is why it is strongly recommended for mothers to
not drink at all during pregnancy; any amount of alcohol could severely damage a child’s
development. Even though nine out of the thirteen embryos with the high dose survived
the experiment, the group’s physical development as a whole was clearly altered from the
alcohol.
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